Introductionregion lacking known binding partners SPD-2 and MZT-1, respectively. 149
150

PCM proteins disassemble with different behaviors 151
Based on their distinct localization within the PCM, we hypothesized that different PCM 152 proteins would disassemble with different kinetics and behaviors. To test this hypothesis, we 153 examined the dynamics of disassembly of each of the endogenously-tagged PCM proteins 154 described above by live-imaging in the ABp cell beginning at NEBD ( Figure 1E ). SPD-2 (Video 155 1) and MZT-1 (Video 2) displayed similar disassembly behaviors, leaving the centrosome by 156 gradual dissolution over time. In contrast, SPD-5 (Video 3) and GIP-1 (Video 4) initially showed 157 a gradual pattern of disassembly, however the structure containing these proteins then 158 appeared to rupture and fragment into "packets" that were distinct from the centrioles. These 159 sub-PCM packets localized SPD-5, GIP-1/GCP3 ( Figure 2A , early packets), and microtubules 160 ( Figure 2B , early packets), but neither SPD-2 nor MZT-1 ( Figure 2D , see below). Intriguingly, 161 packets appeared to retain MTOC potential as EBP-2/EB1 comets, a marker of growing 162 microtubule plus ends, dynamically moved from the SPD-5/GIP-1 foci ( Figure 2C ). The 163 packets appeared to be further disassembled in the cytoplasm following their removal from the 164 PCM, with GIP-1 and microtubules first losing their association, followed by SPD-5 ( Figure 2A,  165 B, late packets, Figure 2E ). 166
To gain a better sense of the timing of the disassembly of the different PCM proteins, 167
we imaged each protein in combination with SPD-5. SPD-2 ( Figure 3A ) and MZT-1 ( Figure 3B ) 168 showed a gradual decrease in intensity, beginning at 2 (2.20±0.13 min, n=10) or 3 minutes 169 (3.00±0.27 min, n=8) post-NEBD, respectively, several minutes before the decrease in either 170 SPD-5 or GIP-1 ( Figure 3D , E). Consistent with this trend, we found that the PCM volume of 171 SPD-2 and MZT-1 gradually decreased beginning 3 minutes post-NEBD (SPD-2: 3.00±0.21 172 min, n=10; MZT-1: 2.88±0.23 min, n=8). As expected from our observation of the individual 173 localization behaviors, both SPD-5 and GIP-1 co-localized during the process of disassembly 174 ( Figure 3C , Video 5). We observed the same trend in both the total intensity and PCM volume 175 of SPD-5 and GIP-1 ( Figure 2D , E); both proteins rapidly decreased in intensity following their 176 peak at 3 minutes post-NEBD (SPD-5: 3.00±0.14 min, n=11; GIP-1: 3.18±0.12 min, n=11), and 177 their volume dramatically and precipitously reduced at the PCM beginning 6 minutes post-178 NEBD (SPD-5: 5.91±0.17 min, n=11; GIP-1: 6.00±0.19 min, n=11), reflecting packet formation. 179
Together, these data indicate that the PCM disassembles in two distinct steps: a dissolution7 step that is characterized by the decrease in intensity of PCM proteins that starts with the 181 removal of SPD-2 and MZT-1; and a rupture/packet formation step where the deformation and 182 subsequent rupture of the PCM leads to further disassembly into individual packets. 183
184
Cortical forces mediate the disassembly of the PCM and more specifically SPD-5 185
The formation of packets that appear to be pulled away from the centrioles suggests 186 that mechanical forces underlie this aspect of PCM disassembly. Forces can be exerted on the 187 PCM by a conserved cortically anchored complex of LIN-5/NuMA, LGN/GPR-1/2, and (GOA-188 1/GPA-16)/Gαi, which localizes dynein-dynactin that can pull on the astral microtubules 189 To assess the involvement of cortical forces in the general disassembly of the PCM and 195 specifically in rupture and packet formation, we used RNAi to either decrease (gpr-1/2(RNAi)) 196 or increase (csnk-1(RNAi)) cortical forces. In control embryos treated with lacZ RNAi, SPD-5 197 ruptured starting 6 min post-NEBD (5.91±0.16 min, n=11) and formed packets at 8 min post-198 NEBD (7.73±0.14 min, n=11; Figure 4A ). In contrast, we did not observe SPD-5 rupture or 199 packet formation in gpr-1/2(RNAi) treated embryos ( Figure 4A ). Instead, SPD-5, like SPD-2, 200 was removed from the centrosome by gradual dissolution ( Figure 4B ). In csnk-1(RNAi) treated 201 embryos, we observed slightly earlier SPD-5 rupture (5.4+0.2 min, n=7) and packet formation 202 (7.14±0.14 min, n=7; Figure 4A ). In contrast to SPD-5, SPD-2 disassembly appeared 203 unaffected following depletion of either gpr-1/2 or csnk-1 by RNAi ( Figure 4C we hypothesized that the dissolution of the PCM that precedes rupture and packet formation 249 requires phosphatase activity. To test this hypothesis, we treated cycling embryonic cells at 250 anaphase with either a broad-spectrum serine/threonine phosphatase inhibitor (okadaic acid) 251 or a PP2A inhibitor (rubratoxin A, Figure 5A ). We observed a stabilization of the PCM in both 252 okadaic acid and rubratoxin A treated embryos compared to control embryos treated with 253 DMSO. Notably, treatment with either drug led to depolymerization of the microtubules, 254 perhaps due to the hyperactivation of the depolymerizing kinesin KLP-7 during PP2A 255 inactivation (Schlaitz et al., 2007) . Consistent with these pharmacological inhibition results, a 256 recent study implicated the PP2A subunit LET-92 in SPD-5 disassembly (Enos et al., 2018) . We found that the C. elegans centrosome is organized into an inner and an outer sphere of 294 PCM, which disassemble via a two-step mechanism. This organization appears to be generally 295 conserved between direct and functional orthologs in C. elegans, Drosophila, and human 296 PCM, suggesting evolutionary pressure to create specific functional PCM domains and that the 297 mechanisms of disassembly described here might be generally conserved. The existence of 298 SPD-5 and GIP-1 in a region lacking SPD-2 and MZT-1 suggests that these proteins have the 299 ability to form a matrix in the absence of their known binding partners. SPD-5 can form a 300 matrix in vitro and perhaps its self-association drives outer sphere assembly (Woodruff et al., 301 2015) . Similarly, experiments from S. pombe suggests that MZT1 drives the assembly of the γ-302 TuRC, however, the presence of GIP-1 in the outer sphere associated with dynamic 303 microtubules suggests that in C. elegans the γ-TuRC can assemble and function in the 304 absence of MZT-1 as has been seen at other cellular sites (Sallee et al., 2018) . 305
Our data suggest that PCM is initially removed from the centrosome by 306 dephosphorylation, either through the direct action of PP2A phosphatases on PCM proteins or 307 indirectly through the inactivation of mitotic kinases. This removal of PCM proteins from the 308 inner sphere weakens the remaining PCM, allowing for rupture of the outer sphere by cortical 309 pulling forces that rupture the remaining PCM into packets. The removal of both SPD-2 and 310
MZT-1 appears to exclusively depend on phosphatase activity as they do not localize in 311 packets and their disassembly was not affected by the inhibition of cortical forces. 312
Furthermore, a pool of both SPD-2 and SPD-5 remained at the centrosome following LET-92 313 depletion, indicating that the cortical forces alone are not sufficient for their effective clearance. 314
Thus, PCM disassembly appears to be initiated by dephosphorylation by the PP2A subunit 315 LET-92. As LET-92 plays a number of roles at the centrosome and phosphatase activity can11 directly regulate mitotic kinases (Enos et al., 2018; Kitagawa et al., 2011; Song et al., 2011) , 317 further studies will be necessary to determine if its role in PCM dissolution is direct or indirect. 318
Following dissolution, we found that the PCM fragments into small packets that retain 319 MTOC potential. These packets are reminiscent of PCM flares described in Drosophila 320 Our results indicate that cortical forces can shape the PCM in multiple ways, mainly 339 through an effect on outer sphere proteins. The balance of cortical forces appears to tune the 340 levels of SPD-5 incorporation into the PCM, independently of SPD-2; decreasing or increasing 341 cortical forces caused more or less SPD-5 incorporation but had no effect on the levels of 342 SPD-2. Thus, cortical forces negatively regulate the growth of the PCM, hypothetically by 343 physically removing PCM from the outer sphere. We found a pool of SPD-5 that remained at 344 the centrosome after perturbation of cortical forces, further suggesting that SPD-5 can be 345 differentially regulated within the PCM, perhaps through spatially segregated pools of 346 differentially phosphorylated SPD-5. 347
In total, these results suggest that PCM is disassembled through the removal of the 348 inner sphere of PCM by PP2A phosphatase activity, followed by the outer sphere by cortical 349 pulling forces, which liberate dynamic microtubules and inactivate MTOC function at the
C. elegans strains and maintenance 358
C. elegans strains were maintained at 20°C unless otherwise specified and cultured as 359 previously described (Brenner, 1974 Endogenously tagged proteins used in this study were generated using the CRISPR Self 368
Excising Cassette (SEC) method that has been previously described (Dickinson et al., 2015) . 369 DNA mixtures (sgRNA and Cas9 containing plasmid and repair template) were injected into 370 young adults, and CRISPR edited worms were selected by treatment with hygromycin followed 371 by visual inspection for appropriate expression and localization (Dickinson et al., 2015) . 
Image acquisition 377
Embryos dissected from one-day old adults were mounted on a pad (3% agarose dissolved in 378 M9) sandwiched between a microscope slide and no. 1.5 coverslip. Time-lapse images were 379 acquired on a Nikon Ti-E inverted microscope (Nikon Instruments) equipped with a 1.5x 380 magnifying lens, a Yokogawa X1 confocal spinning disk head, and an Andor Ixon Ultra back 381 thinned EM-CCD camera (Andor), all controlled by NIS Elements software (Nikon). Images 382 were obtained using a 60x Oil Plan Apochromat (NA=1.4) or 100x Oil Plan Apochromat 383 (NA=1.45) objective. Z-stacks were acquired using a 0.5 µm step every minute. Images were 384 adjusted for brightness and contrast using ImageJ software. 385
386
Drug treatment 387
Drug treatments were performed as previously described (Yang & Feldman, 2015) . Briefly, 388 embryos were mounted between a slide and coverslip, supported with 22.5 uM beads 389 (Whitehouse Scientific), and bathed in an osmotic control buffer (embryonic growth medium -390 EGM (Shelton & Bowerman, 1996) ) supplemented with either 10% DMSO, 30 µM okadaic 391 acid, or 60 µM rubratoxin A. Embryos were laser permeabilized at appropriate times using a 392 above. 394
395
RNAi treatment 396
RNAi treatment was performed by feeding as previously described using csnk-1(RNAi), gpr- 
Intensity measurement 414
Total intensity was measured by defining an image stack 15 µm wide x 7.5 µm deep around 415 the centrosome for each timepoint. Another stack of the exact same dimensions was 416 generated in the cytoplasm. Both stacks were sum projected and the total intensity was 417 measured by subtracting the total intensity of the cytoplasmic sum projection from the total 418 intensity of the centrosome sum projection. Centrosomal intensity was calculated in the same 419 way, but the ROI was selected manually following initial thresholding. Packet intensity was 420 determined by removing a manually selected ROI for the centriole/centrosome. In Figure 5G , 421 we accounted for the fact that let-92 depletion results in centriole duplication defects in the one 422 cell embryo (Song et al., 2011) . In control embryos, we determined the average intensity of 423 each of the two individual centriolar/centrosomal foci of either SPD-2 or SPD-5 at the end of 424 disassembly (t = ~5'). We compared this value to the average intensity of the single 425 centrosomes in let-92 depleted embryos at the end of disassembly (t = ~15'). This type ofmeasurement was in contrast to the total centriole/centrosome measurement shown in Figure  427 5E and F, which does not distinguish the two resulting centrioles/centrosomes in control 428 conditions at the end of disassembly. 429
430
Timing of events 431
The different steps of disassembly were defined based on hallmarks of both volume and 432 intensity measurements. 'Dissolution' was defined as the timepoint at which the first decrease 433 in PCM intensity was detected, which corresponded to a decrease in SPD-2 intensity. 434 'Rupture' was defined as the timepoint at which the first decrease in PCM volume was 435 detected, which corresponded to a drop in SPD-5 volume. Packet formation was defined as 436 the timepoint at which individualized foci of SPD-5 appeared around the centrioles. A) The width of each PCM protein was determined using the same image analysis pipeline. Image stacks of about 30 images separated by 0.5 µm z-steps (15µm total) were acquired at NEBD using the same imaging parameters. Stacks were then cropped to include only the ABp cell and centered around the ABp centrosome closest to the coverslip. We found the max intensity ABp centrosome slice and created a new 30µm wide substack centered around this slice ± 7 slices (15 slices, 7µm total). The max intensity slice was then used to find the centroid of the centrosomal structure. This slice was thresholded using the half max intensity and the centroid value was obtained using the Analyze Particle tool (ImageJ). Using the coordinates of the centroid (X,Y) and the max intensity (Z), we created a 15µm wide substack centered on those coordinates ± 7 slices. The intensity profile was obtained by drawing a 10µm long line centered on the centroid. Profiles for each embryo were compiled and for each of them the width was determined by measuring the distance at the half max intensity. B) Mean projection of all max projections used in the study for measuring protein width. 
